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Abstract 

We apply an extension of the Weinberg compositeness condition on partial waves of L = 1 and 
resonant states to determine the amount of meson-baryon component in the A(1232) resonance 
and the other members of the = baryon decuplet. We obtain an appreciable amount of irN 
in the A(1232) wave function, of the order of 70 %, an amount which looks more natural when one 
recalls that experiments on deep inelastic and Drell Yan give a fraction of ttN component of 34 % 
for the nucleon. We also show that, as we go to higher energies in the members of the decuplet, 
the amount of meson-baryon component decreases and they already show a dominant part for a 
genuine, non meson-baryon, component in the wave function. 



I. INTRODUCTION 



The investigation of the structure of the different hadronic states is one of the most impor- 
tant topics in hadron spectroscopy. In order to describe the rich spectrum of excited hadrons 
quoted in the PDG pQ, the traditional concept that mesons and baryons are composed, re- 
spectively, by two or three quarks, has been replaced by more complex interpretations, like 
the ones involving more quarks [21 [3] . 

A remarkable success in describing hadron structure has been obtained by chiral per- 
turbation theory (^PT) [H |5], an effective field theory in which the building blocks are 
the ground state mesons and baryons. The low energy processes are well described in this 
framework, but its limited energy range of convergence makes it unsuitable to deal with 
higher energies. 

Combining unitarity constraints in coupled channels of mesons and baryons with the 
use of chiral Lagrangians, an extension of the theory to higher energies was made possible. 
The resulting theory, usually referred to as chiral unitary approach [614T8]. allows to explain 
many mesons and baryons in terms of the meson-meson and meson-baryon interactions 
provided by chiral Lagrangians, interpreting them as composite states of hadrons. This 
kind of resonances are commonly known as "dynamically generated" . 

An interesting challenge in the study of the hadron spectrum, is understanding whether 
a resonance can be considered as a composite state of other hadrons or else a "genuine" 
state. An early attempt to answer this question was made by Weinberg in a time honored 
work [12], in which it was determined that the deuteron was a composite state of a proton 
and a neutron. Other works on this issue are [2DH22]- However, the analysis was made in 
the case of s-waves and for small binding energies. An extension to bigger binding energies, 
using also coupled channels and in the case of bound states, was done in [23j, while in [21] 
also resonances are considered. 

In a recent paper, the work was generalized to higher partial waves [25] and the results 
obtained were used to justify the commonly accepted idea that the p meson is not a tttt 
composite state but a genuine one. The same method was also successfully used in [2^ to 
evaluate the amount of composite Kir state in the K* wave function. However, no attempt 
was done to apply the method to baryonic resonances. We use it here to investigate the 
nature of the baryons of the = |^ decuplet. 

The paper proceeds as follows. In Section ITT] we make a brief summary of the formalism. 



In Section HI we address the problem of tiN scattering in the A(1232) region. In Section IV 



we extend the test to all the particles of the decuplet and make some conclusions in Section 

El 



II. OVERVIEW OF THE FORMALISM 

The creation of a resonance from the interaction of many channels at a certain energy, 
takes place from the collision of two particles in a channel which is open. 
The process is described by the set of coupled Schrodinger equations, 

1 (1) 

= 1"^) + ^^1*) , 
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where 

i^) = <! r ) . m = { ■ ) ^ (2) 





is the free Hamihonian and /i, is the reduced mass of the system of total mass Mj = 
mii + m2i. The state is the asymptotic scattering state. 
Following [25], we take as the potential V 

{p\V\p') = (2Z + 1) V e(A-p)e(A-p')|p|'|P Y^i(cos^) , (3) 

where A is a cutoff in the momentum space and f is a x matrix, with A^ the number of 
channels. The form of the potential is such that the generic /-wave character of the process 
is contained in the two factors and \'p'W and in the Legendre polynomial P/(cos6'), so 
that V can be considered as a constant matrix. 

The N X N scattering matrix, such that T$ = V"^, can be written as 

T = {21 + l)Pi{p,p')&{A - p)e{A ~ p')\p\'\p'\h , (4) 

and the Schrodinger equation leads to the Lippmann-Schwinger equation for T {T = V + 
VGT), by means of which one obtains 

(5) 



(l-vG) v-^-G' 

The matrix G in Eq. ^ is the loop function diagonal matrix for the two hadrons in the 
intermediate state (see Eq. (|6])). 

The derivation in [25] leads to a t matrix which does not contain the factor \p\\ since 
now the potential w is a constant. Differently from other approaches for p- waves, like the 
one of [271 EH], which factorize on shell \p\^ and associate it to the potential v, this factor is 
now absorbed in a new loop function 

Gu = [ d'p ^ , (6) 

which is different from the one normally used in chiral unitary approach [29] . 

This choice is necessary for the generalization of the sum rule for the couplings, found in 
[23] for the case of s- waves, to any partial wave. Indeed, as shown in [25], for a resonance or 
bound state dynamically generated by the interaction in coupled channels of two hadrons, 
the following relationship holds 



dGi 
~dE 



= -1 , (7) 

E — R 



where is the position of the complex pole representing the resonance and gi is the coupling 
to the channel i defined as 

9i9j = lim (E - Eji)tij . (8) 
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In order to take into account the probability to have the couphng to a genuine component, 
Eq. ([7]) can be rewritten as 



i 

where is the genuine component in the wave function of the state. 

The left-hand side of Eq. (|9]) is the probability to find the hadron-hadron component, 
while its diversion from unity measures the probability to have something different in the 
wave function. 



dGi 
~dE 



l-Z 



(9) 



III. t:N scattering AND THE A(1232) RESONANCE 

As already mentioned in the Introduction, the sum rule of Eq. (|9| has been successfully 
applied to the p and K* mesons in p5] and respectively. We use it for the first time to 
investigate the nature of a baryonic resonance, the A(1232), in order to quantify the amount 
of ttA^ in this state. 

We first use a model based on chiral unitary theory. Then, we perform a phenomenological 
test which makes use only of vriV scattering data and, in the last subsection, we make another 
estimate of the amount of genuine-state component of the A baryon. 



A. The model dependent test 

Following the approach of [251 126] we use a potential of the type 



-a ( 1 + ) , (10) 



sr - s 

where a/sr is the bare mass of the A resonance and a and /3 are two constant factors. Note 
that we are putting explicitly a CDD pole in v in order to accommodate a possible genuine 
component of the A(1232) in its wave function [30]. In order to account for the p-wave 
character of the process, the potential v is not dependent on the momenta of the particles. 
Now, we fit the tiN data for the phase shifts using 

Since the pion is relativistic in the decay of the A(1232), we generalize the equations as 
already done for the case of p — )■ vrvr in [23]. We take only the positive energy part of the 
relativistic generalization of the loop function, modified to contain the \q\'^ factor (see Eq. 
§ and [25] for more details), 

r(]=f^^—^ f. ho) 

J (2vr)3 2u{q) E^{q) - uj{q) -E^{q) + ze' ^ ^ 

with Mat the mass of the nucleon, 771,^ the mass of the pion, Ef^^q) = \/ q^ + Mfj and 
uj{q) = \/ q^ + m^. The loop function in Eq. (12) is regularized by the cutoff ^^(A — |g |) of 



the potential (see Eq. d3|)), hence A plays the role of qmax in the integral of Eq. (12) 
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To be more in agreement with a propagator which has a denominator hnear in the energy, 



we shghtly modify Eq. (10) as 



" ^1 + ^^) , (13) 



where the factor 1/M^ is introduced in order to have both parameters, a and /3, in units of 
MeV. 

The nN phase shift is given by the formula [31] 



2 -AlTy^ 1 



T = pH = -—^ — , (14) 

Mn p cot o{pj — ip 

with p the momentum of the particles in the center of mass reference frame. 

From the best fit to the vrA^ data we obtain the following values of the four parameters: 



a = 698.0 lO'^ MeV , (3 = 112.5 MeV , , , 

^ 15) 
= 1313.8 MeV , q^ax = 452.6 MeV . ^ ' 



The results of the fit are shown in Fig. [Tj 



160 
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FIG. 1. The solid curve represents the vrA^ scattering p-wave phase shifts obtained with the new 
approach. The data are taken from [32]. 

Now we want to apply the sum rule of Eq. ^ to our case. We need to extrapolate the 
amplitude to the complex plane and look for the complex pole in the second Riemann 
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sheet. This is done by changing G to G^^ in Eq. (11 ), to obtain t^^ . The function G^^ is the 
analytic continuation of the loop function in the second Riemann sheet and is defined as 

Im{p) > , (16) 



2n ^s' 

with G^ and G^^ the loop functions in the first and second Riemann sheet, and G^ given by 
Eq. (ig. 

We are now able to obtain the coupling gi^ as the residue in the pole of the amplitude 

~gl= hm (17) 

and to apply the sum rule to evaluate the amount of the ttN channel contributing to the A 
resonance 

'dG^^{s) 



~9l 



1 



(18) 



with Z the probability that the A is something different from a vriV molecule. 
The value of the pole that we get for the best fit is 

= (1204.6 + m.37) MeV , 

while for the coupling we find 

gA = (8.53 + il.85) ■ 10"^ MeV'^ . 
From this value we finally obtain 

1-Z = (0.62-20.41) , 

and 

\1-Z\= 0.74 , 
which indicates a sizeable amount of vrA^ in the resonance. 



(19) 

(20) 

(21) 
(22) 



B. The phenomenological test 

Now we want to evaluate the same quantity without using a model. We repeat the 
analysis of [25l EE] to test the sum rule by means of only the experimental data. 
The A amplitude in a relativistic form is given by 

= '-^ —3 , (23) 

where 

^ 2^s ^^^^ 

is the three-momentum of the particles in the center of mass reference frame, 

Pon=p(v^ = MA), (25) 
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qmax [GeV] 


1 


- Z 


|1 - Z\ 


0.4 


0.47 


- iO.38 


0.61 


0.5 


0.57 


- iO.29 


0.63 


0.6 


0.65 


- iO.22 


0.69 



TABLE I. Values of 1 — Z and \1 — Z\ for different cutoffs q, 



and 



2 27lMATon /„„v 

The values of Ma and Ton are known from the experiment. 

Defining ^/s = a + ib and making the substitution p — > —p in the width term, we obtain 
the amphtude in the second Riemann sheet. Then, we proceed as before to get the pole 
and the coupling. 

The values we obtain for the pole and the coupling, 

y/s^ = (1208.00 + Z40.91) MeV , 

c/A = (7.78 + ilM) ■ 10"^ MeV-^ , ^ ^ 

are very similar to those obtained with the model-dependent method. 

Since in this case we don't know the size of the cutoff qmax needed to regularize the loop 



function, the best choice is to evaluate its derivative in Eq. ( 18 ), which in the case of p- waves 
is logarithmically divergent, using natural values for the cutoff to test, as done in [221 1^ . 
the stability of the results in a certain range of qmax- 

The values of the strength \1 — Z\ for three different values of qmax are shown in Table |l| 
They are rather stable and consistent with the result obtained in the previous section. 



C. Alternative test of the amount of genuine state. 



Starting from the assumption that the A (1232) is a genuine state, we can make another 
estimate of the size of its vrA^ component. 

In this case, we take the potential to contain only the second term of Eq. (13), 

a/3 1 

and the amplitude, using only this part of the potential, reads 

t 



af3 



"gen 



V 



gen 



i-G Mi^s-^-G 



al3 



(28) 



(29) 



Comparing Eq ( 29 ) with Eq. ( 23 ) , we can write 



9. 



gen ^4 ' 



(30) 



which gives us the approximate value of the strength of the coupling of the resonance to the 
genuine component. 
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According to the sum rule of Eq. (18), the squared couphng of the resonance to the tiN 
channel, that we called Qa, is proportional to the probability to have this component in the 
wave function describing the state. Analogously, (^^g^ is proportional to the probability to 
have a genuine component. Thus, we can write 

from where it follows 



(32) 



9 gen 
,2 Tn2 



9qen + A'A 



Substituting the values of the parameters a and (3 obtained in Sec. Ill A in Eq. (30), we 
find that Z ~ 0.29. Hence, we expect |1 — Z| to be around 0.71, which is indeed the case of 
the values obtained in Sees. IIII Al and IIII B[ 

Strictly speaking, giGi provides the \E'j wave function at the origin in the sharp cutoff 
representation of Eq. ^ in the case of s- waves (see [231 El]), and it is proportional to 
the coefficient of for Z- waves at the origin [25j. The probabilities depend on the range 
of the wave functions, and hence the binding energy for each component |23j. However, 
for a resonance the meaning of the probabilities of the fi'f refers to a distance in which 
the particles move during the finite lifetime of the resonance [33]. Thus, by construction, 
the range of the wave function is the same for all the components and the ratio of is an 
approximate measure of the ratio of probabilities. 



IV. APPLICATION TO OTHER RESONANCES 

Now we extend the study of the hadron-hadron content of resonances to the whole = 
I"*" baryons decuplet. 

We proceed as in the case of the A(1232), applying the phenomenological test of Sec. 



IIIB to the other particles of the decuplet, S(1385), S(1535) and Vt~ . 

We first investigate the vrA and vrS content of the S(1385) wave function. It is known 
from the PDG [Ij that it couples to these two channels with different branching ratios: 87% 
and 11.7% , respectively. In order to evaluate the couplings of the resonance to the single 



channel, the braching ratios must be taken into account, modifying Eq. (26) as follows: 

27rMs.r„ 



2 



P{i)on^^^'> 



■ BR^^ , (33) 



where BR^^^ is the branching ratio to the channel z, with i = vrA, vrS and 

p«=p(*)(v^ = Ms.) , (34) 

where 

,<.. = '"'^'^■"^ . (36) 

On the other hand, the case of the S(1535) is completely analogous to the one of the 
A(1232), since, according to the PDG [1] it couples to the ttS channel with a branching ratio 
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cn a n n p1 


AST \MpV] 


g [MeV-^] 


1 — z 


\1 — Z\ 


S(1385) 


vrA 


1380.36 + il7.29 


(5.11 + i0.60) 10" 


-3 


(0.16-i0.18) 


0.24 


vrS 


1377.35 + il6.02 


(3.63 + i0.81) 10" 


-3 


(9.62 -il. 16) 10-2 


0.10 


H(1535) 


vrH 


1532.92 + i4.68 


(4.36 + i0.23) 10" 


-3 


0.11-0.09 


0.14 




KE 


1672.45 


(1.56 + i0.37) 10" 


-2 


0.26 


0.26 



TABLE II. Values of poles, couplings, 1 — Z and \1 — Z\ for the three baryons of the decuplet 
= 1^, S(1385), H(1535) and Q- , for a cutoff qmax = 450 MeV. 



of 100%. Hence, the coupling gE*,nE is simply given by Eq. (26), doing the substitutions 
Ma Ms. and Mn ^ ■ 

The case of the Q~ is different since this resonance is stable to strong decays. This means 
that the on shell amplitude Ton is zero and this prevents us from evaluating the coupling 



of the resonance to the KS channel using Eq. (26). However, from SU{3) symmetry 
considerations we can relate the gn-^xs coupling to gA,nN, since their ratios are simply 
ratios of Clebsch-Gordon coefficients. 
We find that 

9n-KE0 = 2c/i,^jv • (36) 



The amplitude in relativistic form is again given by Eq. (23) and, in the case of the 
S(1385) and S(1535), it is extrapolated to the second Riemann sheet in order to evaluate 
the pole and the new couplings. Since, as already said, the Q~ doesn't decay through strong 
interaction, the pole of the amplitude is found on the real axis, with no need to go to the 
second Riemann sheet. It is then possible to apply the sum-rule, evaluating the derivative 
of the G function in the position of the pole. To do it we use a cutoff of the same order 
of magnitude of the one found doing the best fit for the A(1232), qmax — 450 MeV. The 
results obtained for the three resonances are shown in Table HIl 



V. DISCUSSION AND CONCLUSIONS 



We have applied the generalized compositeness condition to the decuplet of the A (1232) 
to see the amount of meson-baryon cloud and genuine (presumably three quark) components. 



It is interesting to see that we find the pole position for the A(1232), Eq. (19), in very good 
agreement with the PDG [1] values. 

As to the probability to find the irN component in the A(1232) wave function (with the 
understanding that this is in the finite extent of this component during the lifetime of the 
resonance), we find values which are relatively high, of the order of 70 %. This number could 
sound a bit large when one thinks of the A(1232) as just a spin flip on the quark spins of 
the nucleon. Yet, the result is less surprising when one recalls that from Drell Yan and deep 
inelastic scattering one induces a probability of about 34 % for the nN component in the 
nucleon [Ml [35]. When one realizes this, then it also looks less surprising that, unlike the case 
of the p, where the analysis in terms of just the vrvr component requires large counterterms 
beyond the lowest order contribution from the chiral Lagrangians [IHl [23, in the case of the 
ttN scattering in the A(1232) region a description was possible with moderate size of the 
counterterms 



We extended the compositeness test to the other members of the decuplet and found a 
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decreasing size of the meson-baryon components when we go to the S(1385) and S(1535), 
indicating that the higher energy members of the decuplet are better represented by a 
genuine (in principle three quark) component. For the S(1385) and S(1535) there are also 
bound components of KN and KK, ^E, respectively, which we estimate small compared 
to the open ones in the limited space allowed due to the decay into the open components. 
In the case of the VL~ , where only the bound component K'E is present, we estimate the 
amount of the meson-baryon component to be small, of the order of 25 %. 

The large pion nucleon cloud in the A(1232) indicates that realistic calculations of its 
properties should take this cloud into account. Even before the present test was done to 
estimate the amount of vrA^ component in the A (1232) wave function, the importance of the 
meson cloud has been often advocated and one example of it can be seen in the early works 
on the cloudy bag model [SB] or chiral quark model [32] • The work presented here offers a 
new perspective on this interesting subject and the possibility to become more quantitative 
than in early works. 
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